T HE CARDIIOVASCULAR RESPONSES reportedly associated with intravenous administration of insulin include gradual increases in blood pressure, heart rate, and cardiac output (1-6). These changes begin 20-45 min after the insulin is given and only after blood sugar has fallen to a critical level (2, 7-g It is expressed in arbitrary units.
RESULTS
Early hemodynamic responses lo intravenous insulin, 2-3 u/kg. A sharp increase in systemic arterial pressure was seen in each of five dogs I .5-g+5 min after the insulin injections (Fig. I ) . The peak response was reached within 15-30 set, and the pressure began to return toward the control level within 3 min. It remained above the control level, however, for about 1-2 hr (Fig. 2) . Table I 
DISCUSSION
The experiments indicate that the early pressor response to insulin is the result of active vasoconstriction and increased cardiac output, The vasoconstriction is not caused by a direct action of insulin on the blood vessels. The changes appear to be brought about by sympathetic impulses which originate in the central nervous system. They are not associated with hypoglycemia, and in this respect they differ from the delayed cardiovascular changes described by others (2, -7 9) Tie responses observed after injection of very small doses of insulin in the carotid artery and the absence of hypoglycemia during these responses suggest that insulin may have a direct effect on the brain. There is no conclusive evidence indicating that insulin has a direct action on the central nervous system, although it has been demonstrated that it increases the glucose uptake of samples of tissue from the brain (23). A search through the literature available to us has revealed no other situation parallel to this early pressor effect which seems to result from stimulation of the central nervous system resistance, heart rate, right atria1 pressure, pulmonary arterial pressure, and stroke volume which accompanied the acute pressor response. Relation between early pressor response to insulin and blood glucose cuncentrution. In each of five other dogs ( Table 2) the administration of insulin with glucagon (2-3 u/kg iv.) caused the early sharp increase in blood pressure at a time when the blood glucose concentration was rising (Fig. 3) . The blood sugar level at the time of the peak responses averaged 80.2 mg,hoo ml. Hypoglycemia was observed only after the pressor response subsided.
In five other dogs similar pressor responses were observed (Table  2) when blood sugar was maintained at hyperglycemia levels averaging 293 mg/ I or) ml by intravenous infusion of I o % glucose in water (Fig. 4) . Effect of gunglionic and adrenergic blockude and pentoburbitul on curly pressor response to insulin. Table 2 shows that the increase in arterial pressure after 3 u/kg of regular insulin was smaller in animals which had received a ganglionic blocking drug (P < 0.05) and in those which had received an adrenergic blocking drug (P < 0.0 I ) than in untreated animals. Treatment with pentobarbital practically abolished the pressor response (P > 0.05). Pressor respunse to intrucurotid injections of small doses of zhsulin. In four dogs intravenous administration of 0.025-0.1 u/kg of insulin with or without glucagon produced no pressor effect. The subsequent administration of the same doses of the same preparation of insulin in the carotid artery caused the characteristic acute pressor response observed with the larger intravenous doses. The average increase in pressure was 76.8 mm Hg (P < 0.0 I). The pressor response to intracarotid injection occurred with insulin containing glucagon as well as with the glucagon-free preparation. Intru-urteriul injection oj insulin. In five dogs the injection of 0~1-3.0 units of insulin in the constantly perfused brachial artery produced no change in perfusion pressure.
PEREDA, ECKSTEIN, AND ABBOUD occurring in the absence of a fall in blood sugar. It may preparation. This substance is a neuromuscular blocking be that failure of others to observe similar early responses agent similar to curare (I). It has no known effects on is related to the use of drugs that depress the central the central nervous system but it does have a selective nervous system as anesthetic agents in animals and the vagal blocking action. It may be that this property made uncommon use of the intravenous route of administrathe vascular system of our animals more sensitive to a tion in normal, conscious human subjects. Our animals sympathetic discharge which might otherwise be masked received only small doses of thiopental, and adequate by the antagonistic effect of coincidental parasympatime was allowed for nearly complete disappearance of thetic impulses. Nevertheless, the results of these experthe effects of this agent before the insulin was given iments lend support to the notion that insulin has a (24, 25).
direct action on the cells of the central nervous system. Another consideration is the role of gallamine in our
